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Background: During routine follow-up of patients treated with a three-piece stainless-steel modular femoral nail,
osteolysis and periosteal reaction around the modular junctions of some of the nails were noted on radiographs.
The purpose of this study was to evaluate the prevalence, etiology, and clinical relevance of these radiographic
findings.
Methods: Forty-four femoral fractures or nonunions in forty-two patients were treated with a modular stainless-
steel femoral intramedullary nail. Seventeen nails were excluded, leaving twenty-seven intramedullary nails in
twenty-seven patients for this study. All patients had had a femoral diaphyseal fracture; nineteen had had an
acute fracture and eight, a nonunion. These twenty-seven patients returned for radiographs, a physical examina-
tion, assessment of functional outcomes, assessment of thigh pain with a visual analog scale, determination of
serum chromium levels, and nail removal if desired. A control group of sixteen patients treated with a one-piece
stainless-steel femoral intramedullary nail was evaluated with use of the same outcome measures and was com-
pared with the group treated with the modular femoral nail with regard to prevalence of thigh pain and serum chro-
mium levels. Twelve modular femoral nails were removed according to the study protocol. The modular nail
junctions were analyzed for corrosion products, and histopathologic analysis of tissue specimens from the femo-
ral canal was performed.
Results: The twenty-seven patients were seen at a mean of twenty-one months after fracture fixation; twenty-six of
the twenty-seven fractures healed. Twenty-three femora had at least one of three types of abnormalitiesosteoly-
sis, periosteal reaction, or cortical thickeninglocalized to one or both modular junctions. Eighteen patients had
severe reactions, defined as osteolysis of ≥2 mm, cortical thickening of ≥5 mm, and/or a periosteal reaction
(group 1). Nine patients had mild or no reactions (group 2). Serum chromium levels in group 1 (mean, 1.27 ng/
mL; range, 0.34 to 3.12 ng/mL) were twice as high as those in group 2 (mean, 0.53 ng/mL; range, 0.12 to 1.26
ng/mL). However, this difference did not reach significance with the numbers available. The differences in serum
chromium levels between group 1 and the control group with a one-piece nail (mean, 0.26 ng/mL; range, 0.015
to 1.25 ng/mL) (p < 0.01) and a control group without an implant (mean, 0.05 ng/mL; range, 0.015 to 0.25 ng/
mL) (p < 0.01) were significant. The level of thigh pain recorded on the visual analog scale was also significantly
different between group 1 and the control group with a one-piece implant (p = 0.03). Retrieved modular nails had
signs of fretting corrosion as well as stainless-steel corrosion products adherent to the junction where the osteol-
ysis occurred. Histologic and spectrographic analysis revealed two types of corrosion products that were consis-
tent with stainless-steel within the peri-implant tissue and were associated with a foreign-body granulomatous
response.
Conclusions: The presence of corrosion products at the taper junctions suggests that particulate debris was a
major factor in the etiology of the radiographic findings of osteolysis, periosteal reaction, and cortical thickening.
Serum chromium levels were substantially elevated in the patients with a modular femoral nail, and such levels
may serve as a marker of fretting corrosion of these devices.
three-piece modular 316L stainless-steel femoral nail
that is assembled intraoperatively was designed to de-
crease hospital inventory and cost. Different proximal
and distal modular components permit standard antegrade
nailing, retrograde nailing, or reconstruction nailing. Assem-
bling the nail creates two tapered junctions where the two
modular end components attach to the common central shaft.
A large end attached to the insertion device and a smaller ta-
pered end allow static interlocking and intraoperative adjust-
ment of length. These ends are connected to the common
A
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central shaft, by an interference fit of a truncated cone and
bore, with a torque device that provides 6282 N of compres-
sive force. The ends are then secured with a central draw bolt.
In this paper, we refer to the modular junctions as large and
small on the basis of the size of the component that attaches to
the common central shaft (Figs. 1-A and 1-B). Therefore, with
an antegrade nail, the large junction is proximal, in the sub-
trochanteric region, and the small junction is distal. With ret-
rograde insertion, the large junction is distal and the small
junction is proximal, in the subtrochanteric area. On manu-
facturer testing of the modular nail taper in torsional fatigue
with a torsional load cycled between 25 and 250 in-lb (2.8 and
28.3 Nm), 2,000,000 cycles were completed, indicating high
resistance to torsional fatigue.
Two patients treated with this nail presented, after
union of the fracture, with thigh pain and osteolysis of the fe-
mur adjacent to one of the junctions1. An informal review of
radiographs revealed that other patients had osteolysis and pe-
riosteal reaction in the femur adjacent to a modular nail junc-
tion. We hypothesized that patients with a modular femoral
nail would have a greater prevalence of osteolytic reactions,
higher serum chromium levels, and more thigh pain than a
similar group of patients treated with a standard one-piece in-
tramedullary femoral nail and that these findings are a result
of particulate corrosion products formed at the junctions of
the modular femoral nail. To test this hypothesis and to deter-
mine the prevalence, severity, and clinical relevance of osteoly-
sis related to the presence of modular junctions, we performed
a clinical and radiographic evaluation of all of our patients
treated with this device and a group of control patients treated
with a one-piece stainless-steel femoral nail. We attempted to
define an association of the clinical and radiographic features
with serum chromium levels, and we studied the retrieved
nails and peri-implant tissue for the presence of corrosion and
corrosion products.
Fig. 1-A
Figs. 1-A and 1-B Photographs of the three-piece femoral modular nail. 
Fig. 1-A Prior to assembly. At the top is the large component that 
attaches to the insertion device. Below is the smaller, tapered compo-
nent. The common central shaft is to the left, and the central draw bolt 
is to the right. Fig. 1-B After assembly. The large junction is at the top, 
and the small junction is at the bottom.
Fig. 1-B
Fig. 2
Case 21. Radiograph made four months following treatment of an 
acute fracture with a retrograde intramedullary nail, showing osteolysis 
and a periosteal reaction. The arrows depict the method for measuring 
osteolysis from the endosteal surface to the edge of the hemielliptical 
area. The arrowheads show periosteal reaction.
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Materials and Methods
etween September 1995 and December 1996, forty-four
femora in forty-two patients were treated at the University
of Iowa Hospitals and Clinics with a Food and Drug Adminis-
tration-approved modular 316L stainless-steel femoral nail
(TriMax; Smith and Nephew, Memphis, Tennessee) as part of
a clinical evaluation of this device, which had been released to
a limited number of centers. The diagnosis was an acute frac-
ture in twenty-eight patients, a nonunion in eight, and an im-
pending pathologic fracture in eight.
We excluded the eight nails inserted to prevent impend-
ing pathologic fracture because those patients had osteolysis
secondary to tumor. Another nail was excluded because it was
associated with infection. It was removed two weeks after in-
sertion from a patient who had been treated for a gunshot
wound in the femur. Another modular femoral nail, which
had been placed through a retrograde approach, was excluded
because it broke at the proximal junction three months post-
operatively. It was exchanged for a second, larger modular
femoral nail, and this nail was included in the study. A third
B
TABLE I Data on Patients Treated with a Modular Femoral Nail 
Case Gender
Age
(yr)
Duration of 
Follow-up
(mo)
Fracture 
Type*
Open or 
Closed† Method
Nail
Size‡ Interlocking
Pain 
Score§#
 Serum
Chromium
Level#
(ng/mL)
1 M 23 27 32 B3.2 Open,
grade II
Antegrade 12 × 38 Static 0 0.2769
2 F 27 19 32 B3.2 Open,
grade II
Retrograde 12 × 42 Static 2 0.6718
3 M 40 16 Nonunion Closed Retrograde 12 × 34 Static 0 0.4694
4 M 26 24 Nonunion Closed Retrograde 12 × 45 Static 2 0.6388
5 F 35 22 32 A3.2 Closed Retrograde 10 × 32 Static 5 0.5436
6 F 37 25 32 B3.3 Closed Retrograde 10 × 44 Static 1 0.3353
7 F 37 19 Nonunion Closed Antegrade 12 × 42 Dynamic NA 3.1150
8 M 21 18 32 B2.3 Closed Retrograde 12 × 38 Static 0 1.5150
9 M 19 29 32 B2.2 Closed Antegrade 12 × 36 Dynamic 0 1.2410
10 M 42 27 32 B3.2 Closed Antegrade 12 × 45 Static 0 0.2550
11 F 54 22 32 A3.2 Closed Retrograde 12 × 38 Static 6 1.8078
12 F 39 18 32 A2.2 Closed Retrograde 10 × 32 Static 5 1.6520
13 F 20 20 Nonunion Closed Antegrade 10 × 36 Static 5 0.9381
14 M 21 28 Nonunion Closed Antegrade 14 × 42 Static 4 0.6293
15 M 28 22 Nonunion Closed Antegrade 14 × 44 Dynamic 5 1.0810
16 F 25 27 32 C2.2 Closed Antegrade 12 × 40 Static 4 1.0336
17 M 21 19 32 B3.2 Closed Antegrade 12 × 40 Static 0 NA
18 M 35 20 32 C1.2 Closed Retrograde 14 × 42 Static 0 1.6300
19 F 31 12 Nonunion Closed Retrograde 12 × 38 Static 4 2.5360
20 M 20 15 32 C2.2 Closed Antegrade 14 × 36 Static 0 1.2552
21 M 51 15 32 A1.3 Closed Retrograde 14 × 34 Static 0 0.5738
22 M 34 15 32 B2.3 Open,
grade III
Antegrade 14 × 42 Static 4 1.4196
23 M 30 16 32 A3.2 Closed Antegrade 12 × 38 Static NA NA
24 M 27 24 32 A3.2 Closed Retrograde 12 × 46 Static 5 0.1571
25 F 29 22 32 C3.2 Open,
grade II
Retrograde 14 × 44 Static 0 0.1247
26 F 42 27 Nonunion Closed Antegrade 12 × 42 Dynamic 3 1.0950
27 F 39 19 32 B3.2 Closed Antegrade 12 × 38 Static 0 0.9112
*According to the OTA (Orthopaedic Trauma Association) classification3. †The grade of the open fractures was determined with use of the
classification system of Gustilo and Anderson2. ‡The measurements are given as the diameter in millimeters by the length in centimeters.
§The pain score was determined on a visual analog scale of 0 to 10. #NA = not available.
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patient, who underwent exchange nailing with a standard
Russell-Taylor nail (Smith and Nephew) at eleven months be-
cause of a nonunion, was also excluded. Finally, a patient from
whom a modular femoral nail was routinely removed at an-
other hospital was excluded.
This left thirty-two intramedullary modular femoral
nails in thirty-two patients. Following approval from our in-
stitutional review board, each of these patients was sent a
letter inviting them to return for radiographs, a physical ex-
amination, assessment of functional outcomes, evaluation of
thigh pain with a visual analog scale, determination of se-
rum chromium levels, and nail removal if desired. All pa-
tients signed an informed-consent form to participate in the
study, and all were counseled regarding the osteolytic reac-
tions and their possible clinical importance. The costs of the
clinic visit and nail removal were covered by the orthopaedic
department, the hospital, and the manufacturer. Five patients
refused the invitation to return, so twenty-seven patients (nine-
teen with an acute fracture and eight with a nonunion) were
evaluated at a mean of twenty-one months (range, twelve to
twenty-nine months) following the index operation. Four-
teen procedures were performed through an antegrade ap-
proach and thirteen, through an intra-articular retrograde
approach. There were fifteen men and twelve women with a
mean age of thirty-two years (range, nineteen to fifty-four
years). Ten right and seventeen left femora were involved.
Twenty-three fractures were closed, and four were open. With
use of the Gustilo and Anderson system for open fractures2,
three fractures were classified as grade II and one, as grade III.
The nail was statically locked in twenty-three of the twenty-
seven fractures and in all but one of the acute fractures.
Twenty-six of the twenty-seven fractures and nonunions
healed. One patient (Case 23) had a nonunion after the femo-
ral nailing; this healed following exchange nailing (Table I).
Serial radiographs were evaluated by two observers
(D.M.J. and J.L.M.), who began with the radiographs of the
injuries. With use of the Orthopaedic Trauma Association
classification for femoral fractures3, six of the nineteen acute
fractures were classified as OTA 32A; nine, as OTA 32B; and
four, as OTA 32C. The eight nonunions, which included six
hypertrophic and two atrophic nonunions, were treated at a
mean of sixteen months (range, three to thirty months) fol-
lowing the injury. Seven of the eight patients had been treated
previously with an intramedullary nail, and one had been
treated with a plate and screws.
The location of the fracture in relation to the modular
junctions, the tightest isthmal cortical fit (measured from the
outer border of the nail to the inner cortex), and the distance
between the junctions of the nail and the inner border of the
cortex (measured to the nearest millimeter) were determined
Fig. 3-A
Figs. 3-A and 3-B Case 9. Example of osteolysis and periosteal reaction adjacent to the large, proximal junction in a nail inserted through an ante-
grade approach. Fig. 3-A Radiograph made twenty-two months postoperatively, showing no findings at the junction. Fig. 3-B Radiograph made at 
twenty-nine months, showing a large area of osteolysis (arrow) and a periosteal reaction (arrowheads).
Fig. 3-B
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on the initial postoperative radiographs for all patients. The
fracture was located at the level of one of the junctions in
twelve patients, and these junctions were excluded from fur-
ther analysis.
Three types of reactionsosteolysis, periosteal reac-
tion, and cortical thickeningwere observed radiographi-
cally at the levels of the junctions. Osteolysis was defined as a
focal, hemielliptical area of rarefaction at the endosteal cor-
tex. The extent of osteolysis was quantified by measuring the
distance, in millimeters, from the endosteal cortex to the
most medial or lateral extent of the radiolucency along a line
perpendicular to the long axis of the femur (Fig. 2). Cortical
thickening was determined by subtracting the greatest width
of the cortex at the level of the junction on the immediate
postoperative radiograph from the same measurement made
on the follow-up radiograph. Periosteal reaction was re-
corded as either present or absent. The time of appearance of
the radiographic findings and their location (at the large or
small junction) were recorded.
At the time of the follow-up visit, each patient had an ex-
amination of the lower extremities. Twenty-five patients com-
pleted the Musculoskeletal Function Assessment instrument4,5
and marked a visual analog scale for thigh pain, on which 0 in-
dicated no pain and 10 indicated severe, constant pain. Two
patients had the nail removed before the time of the evaluation
with the assessment form and the pain scale. Blood samples
from twenty-five patients were assayed for serum chromium
concentration with use of graphite furnace Zeeman atomic
absorption spectrophotometry according to previously de-
scribed protocols6. The detection limit for chromium in serum
TABLE II Radiographic Findings in Patients Treated with a Modular Femoral Nail 
Case
Fracture
Location*
Tightest
Overall Nail
Fit (mm)
Large Junction Small Junction
Osteolysis 
(mm)
Cortical
Thickening 
(mm)
Periosteal
Reaction
Tightest
Fit (mm)
Osteolysis 
(mm)
Cortical
Thickening
(mm)
Periosteal
Reaction
Tightest
Fit (mm)
1 M 1 0 0 N 3 0 0 N 8
2 M 2 0 0 N 10 0 0 N 4
3 P 1 0 0 N 5 0 0 N 1
4 D 0 0 0 N 8 1 9 N 0
5 M 1 3 15 Y 6 0 0 N 1
6 M 1 0 3 N 7 2 2 N 1
7 M 3 4 0 Y 4 3 9 Y 8
8 P 2 0 2 Y 5 3 0 N 3
9 M 4 4 0 Y 6 0 0 N 15
10 P 1 0 0 N 2 0 3 N 7
11 D 0 0 0 N 6 2 12 Y 1
12 D 1 0 0 N 6 4 0 N 1
13 D 0 2 0 N 0 2 0 N 7
14 M 0 2 5 Y 1 2 5 Y 21
15 P 0 3 0 N 0 0 0 N 17
16 M 1 1 4 N 1 0 0 N 3
17 M 0 1 7 Y 0 3 2 Y 11
18 M 1 0 0 N 13 2 8 Y 2
19 M 0 0 0 N 13 4 7 Y 0
20 P 1 0 4 N 1 0 0 N 8
21 D 2 0 0 N 6 5 14 Y 0
22 D 1 0 6 N 2 0 0 N 14
23 M 1 1 0 N 1 0 0 N 10
24 M 2 0 0 N 7 1 0 N 3
25 M 1 0 0 N 13 0 0 N 2
26 M 3 0 8 N 0 0 2 N 7
27 D 2 0 2 N 1 2 0 N 2
*M = middle of nail, P = proximal junction, and D = distal junction.
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was 0.03 ng/mL (parts per billion). Values below the detection
limit were assigned a concentration of one-half the detection
limit by convention6. Serum samples from two of the twenty-
seven patients had been collected improperly and thus were
discarded.
All patients were offered nail removal, and twelve nails
were removed. The retrieved nails were analyzed with scan-
ning electron microscopy (model 5900; JEOL, Peabody, Mas-
sachusetts) to evaluate the nature of the degradation process
at the taper interface.
Peri-implant soft tissues were obtained by curettage of
the medullary canal at the level of the modular junctions in
eleven patients. The tissues were processed for histologic
analysis, and 5-µm-thick serial sections were cut and stained
with hematoxylin and eosin. The sections were examined
with light microscopy for cellular infiltrates and the presence
of particulate debris. The elemental composition of corrosion
products at the modular junctions of the nails and in the his-
tologic sections was determined with electron microprobe
analysis (JEOL model JXA 8900) with use of previously de-
scribed techniques7.
A control group of sixteen patients in whom an acute
femoral fracture had been treated with a standard one-piece
316L stainless-steel Russell-Taylor intramedullary nail (Smith
and Nephew) during the same time-period was also identified.
The mean age (twenty-nine years; range, eighteen to fifty-two
years) and duration of follow-up (twenty-two months; range,
thirteen to forty-two months) of these patients were similar to
those of the patients treated with the modular femoral nail.
These control patients were selected on the basis of the time of
implantation so that the duration of follow-up would be simi-
lar to that of the patients with the modular nail. Ten nails had
been inserted in an antegrade fashion and six, in a retrograde
fashion. Blood samples were obtained for measurement of se-
rum chromium concentration. The pain analog scale and the
assessment form were completed. Two of the nails in the con-
trol group were removed. Curetted material from the femoral
canal was analyzed in the same fashion as it was in the group
Fig. 4-A
Figs. 4-A and 4-B Case 5. Example of cortical thickening adjacent to the distal, large junction in a nail inserted through a retrograde approach. 
Fig. 4-A Radiograph made nine months postoperatively, showing a well-healed fracture and no findings at the junction. Fig. 4-B Radiograph made 
fifteen months following the index operation, revealing cortical thickening measuring 15 mm. This was preceded by a periosteal reaction.
Fig. 4-B
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treated with the modular femoral nail. We compared the pa-
tients in the control group with the patients treated with the
modular nail with regard to serum chromium levels, scores on
the pain analog scale, and scores determined from the assess-
ment form and its subscales.
The serum chromium levels in a previously defined6
control group of twenty-one patients without a femoral im-
plant were compared with the levels in the patients with the
modular femoral nail and those in the control group with the
one-piece implant. The group consisted of twelve women and
nine men with a mean age of fifty-nine years (range, thirty-
five to seventy-five years).
The patients with the modular femoral nail were di-
vided into two groups on the basis of the severity of the radio-
graphic findings. For this purpose, mild or absent osteolysis
was defined as <2 mm (twelve patients), and severe osteolysis
was defined as ≥2 mm (fifteen patients). Cortical thickening
was considered to be mild or absent if it was <5 mm (sixteen
patients), and it was considered to be severe if it was ≥5 mm
(eleven patients). Periosteal reaction was either present (ten
patients) or absent (seventeen patients). Eighteen patients
with severe osteolysis, cortical thickening, or a periosteal reac-
tion at either junction were assigned to group 1, and nine pa-
tients with minimal or no reaction were assigned to group 2.
These groups were used to determine if there was an associa-
tion between the more severe radiographic reactions and the
following independent variables: age, gender, fracture type,
location of the fracture, location of the modular junction, nail
size, method of insertion, tightest isthmal fit of the nail overall
and at the large and small modular junctions, proximity of the
modular junction to the cortex, dynamic or static locking, and
indication for the nailing (an acute fracture or a nonunion).
Serum chromium levels and levels of thigh pain were also
compared between the two groups.
Group 1 and group 2 were compared with use of the
Fisher exact test for the categorical variables (gender, method
of insertion, indication for the nailing, type of locking, and
type and location of the fracture). A two-sample t test was
performed to compare the groups with regard to the age at
surgery, and the Wilcoxon two-sample test was carried out to
compare the groups with regard to pain, nail size, tightest
overall fit, and tightest fit at the large and small modular junc-
tions. The presence of severe findings (osteolysis only, peri-
osteal reaction only, cortical thickening only, or a combination
of the three) was compared between the two locations (sub-
trochanteric and distal) within the same patient with use of
the McNemar test. Intergroup comparisons for significant dif-
ferences in serum chromium levels were performed with use
of the Kruskall-Wallis test, followed by a multiple comparison
test based on rank sums if the Kruskall-Wallis test indicated a
significant difference at the p < 0.05 level.
The total scores and the subscale scores on the Muscu-
loskeletal Function Assessment were calculated according to
the instructions for administration. This outcomes question-
naire is based on a standardized total score on a scale of 0 to
100, with 0 indicating no disability and 100 indicating total
disability. Intergroup comparisons of the scores were made
between the modular nail group and the control group with
the one-piece nail with a series of Student t tests with signifi-
cance set at p < 0.05.
Results
wenty-three of the twenty-seven patients (thirteen of the
fourteen patients who had had antegrade nailing and ten
of the thirteen who had had retrograde nailing) had at least
one type of reaction at one or both junctions (Table II). More
than one type of reaction was present at the involved junctions
in thirteen patients. Osteolysis occurred in nineteen patients
and at twenty-three modular junctions (Figs. 3-A and 3-B).
The osteolytic lesions were as large as 5 mm, with a mean size
of 2.5 mm. The mean time until the osteolysis was first ob-
served was thirteen months (range, three to twenty-nine
months). The extent of the osteolysis decreased over time in
only three patients. In eight patients, the lesions were either
stable (six patients) or they increased (two patients) over time.
In another eight patients, the osteolysis was first noticed on
the most recent radiographs (at a mean of twenty-two
months; range, seventeen to twenty-nine months).
A periosteal reaction occurred in ten patients and at
T
Fig. 5
Photograph of a disassembled modular nail, demonstrating adherent 
corrosion deposits at the opening of the modular junction (original mag-
nification, ×5).
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thirteen junctions. Seventeen patients (twenty-one junctions)
had cortical thickening (Figs. 4-A and 4-B). The mean time
until radiographic observation was nine months (range, two
to twenty-nine months) for the periosteal reactions and four-
teen months (range, five to twenty-seven months) for the cor-
tical thickening. The mean amount of cortical thickening was
6.1 mm (range, 0 to 15 mm). The periosteal reactions pre-
ceded cortical thickening in all except two patients. In these
two patients, an obvious periosteal reaction that had not been
present on radiographs made only several months earlier was
seen at the most recent follow-up evaluation, at nineteen and
twenty-nine months. The mean amount of cortical thicken-
ing following a documented periosteal reaction was 7.2 mm
(range, 0 to 15 mm).
All three findings occurred more frequently in the sub-
trochanteric region than in the distal region, and this differ-
ence was significant when only the severe findings were
considered (p = 0.02). In the patients who had had antegrade
nailing nineteen of the thirty-two reactions involved the large
junction, whereas in the patients who had had retrograde nail-
ing nineteen of the twenty-five positive findings occurred at
the small junction; both of these junctions were in the sub-
trochanteric region. With the numbers available, there was no
association between the method of insertion and positive ra-
diographic findings. Age, gender, fracture type and location,
nail size, tightest overall isthmal fit, tightest fit of the modular
junction to the cortex, static or dynamic locking, and whether
the procedure was performed for an acute fracture or a non-
union were not found to be significant factors (p > 0.05), with
the numbers available, in the development of severe reactions.
Four modular femoral nails were dynamically locked (three in
a femur with a nonunion). Six of the eight junctions in these
nails were associated with a reaction.
The mean serum chromium level (and standard devia-
tion) in samples drawn from twenty-five of the twenty-seven
patients with a modular nail was 1.04 ± 0.57 ng/mL (range,
0.12 to 3.12 ng/mL). This level was significantly higher than
the mean level in the control group with the one-piece nail
(0.26 ± 0.40 ng/mL; range, 0.015 to 1.25 ng/mL [non-
detectable in five patients]) (p < 0.05) and the mean level in
the control group without an implant (mean, 0.05 ± 0.06 ng/
mL; range, 0.015 to 0.25 ng/mL [nondetectable in twelve pa-
tients]) (p < 0.01). The mean in group 1 (patients with the
modular nail who had more severe radiographic reactions)
was 1.27 ± 0.73 ng/mL, and the mean in group 2 (patients
with the modular nail who had mild or no radiographic re-
actions) was 0.53 ± 0.41 ng/mL. This difference did not reach
significance with the numbers available (p < 0.90). The
mean serum chromium level in group 1 was significantly
higher than the mean level in the control group with the
one-piece implant (p < 0.01) and in the control group with
no implant (p < 0.01). Group 2 had a significantly higher
mean serum chromium level when compared with the con-
trol group with no implant (p < 0.01) but not when com-
pared with the control group with the one-piece nail (p =
0.37). The difference between the two control groups was
not significant (p = 0.74).
The score for thigh pain on the visual analog scale aver-
aged 2.2 (range, 0 to 6) in the modular nail group and 0.9 in
the control group with the one-piece nail. With the numbers
available, this difference was not significant (p = 0.07). How-
ever, the difference between the patients in group 1 (mean,
Fig. 6
Scanning electron micrograph of the 
cone surface, in the taper interface 
region, of an intramedullary nail. Note 
the vertical fretting scars and evi-
dence of small corrosion pits (original 
magnification, ×200).
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2.6; range, 0 to 6) and the control group was significant (p =
0.03). There was no significant association between the pres-
ence of thigh pain and the serum chromium level (p = 0.45).
However, six patients with a modular femoral nail had a score
for thigh pain of ≥5 on the scale of 0 to 10. Five of these six pa-
tients had osteolysis of ≥2 mm, and four had a chromium level
of >0.9 ng/mL.
The mean total score derived from the Musculoskeletal
Function Assessment was 22.6 ± 16.5 in the modular nail
group and 16.5 ± 14.0 in the control group with the one-piece
nail. These scores and the subscale scores were not found to be
significantly different with the numbers available (p = 0.25).
All of the modular junctions of the retrieved nails were
grossly intact on manual testing. Corrosion products were vis-
ible at the modular junctions of eleven of the twelve modular
nails (Fig. 5). Evidence of fretting corrosion was apparent on
scanning electron microscopic analysis (Fig. 6). The fretting
scars ran parallel with the long axis of the nail and were ap-
proximately 100 to 200 µm in length.
Backscattered electron micrographs of corrosion debris
found in the taper interface, deep inside the crevice, showed
that the debris consisted of plates of corrosion product over-
laying the alloy. The corrosion plates at this location were
found to contain a high quantity of molybdenum relative to
the alloy composition. At the opening of the crevice, the cor-
rosion products were different in character and were of two
types. The first type was a brownish flaky deposit with a high
iron and oxygen content and lesser amounts of chromium.
The second was a greenish plate-like deposit rich in chro-
mium, phosphorus, and oxygen.
Tissue specimens curetted from the medullary canal at
the levels of the modular junctions consisted of fragments of
fibrous membrane and granulation tissue demonstrating
chronic inflammation. The cellular infiltrate included abun-
dant, particle-laden macrophages and foci of plasmacytes ac-
companied by fewer lymphocytes (Fig. 7). There were two
types of particles within the macrophages: golden-brown,
hemosiderin-like granules, 1 to 3 µm in size, and pale-green,
plate-like particles, 1 to 5 µm in size. Larger particles of the
plate-like material, as large as several hundred micrometers,
were also present, associated with multinucleated giant cells.
Energy-dispersive x-ray analysis indicated that the hemo-
siderin-like granules were rich in iron and oxygen, with occa-
sional traces of chromium. The greenish, plate-like particles
were rich in chromium, phosphorus, and oxygen and had rel-
atively low amounts of iron. Both of these corrosion products
in the tissues were similar in composition to the corrosion
products isolated from the modular junctions of the rods, sur-
rounding the opening of the crevice. No metal debris was
found in the femoral canal membrane of  the two patients
from whom a one-piece nail had been removed.
Discussion
eri-implant osteolysis, which is most commonly associ-
ated with total hip replacement, has not, to our knowl-
edge, been previously reported in association with femoral
intramedullary nails. We suspect that metal debris from
corrosion at the nail junctions was responsible for the local ra-
diographic findings in our patients. The elevated serum chro-
mium levels and the visible corrosion products at the modular
junctions and within the tissue adjacent to eleven of the twelve
retrieved devices support this assertion. The corrosion that
P
Case 19. Twelve months following 
intramedullary nailing of a femoral shaft 
fracture, granulation tissue surrounding 
the corroded modular femoral nail dem-
onstrated extensive infiltration of parti-
cle-laden macrophages and plasmacytes. 
Two types of particles were identified: 
golden-brown, hemosiderin-like granules 
rich in iron and oxygen with occasional 
traces of chromium, and pale-green, 
plate-like particles rich in chromium, 
phosphorus, and oxygen. A single larger 
particle of the latter material is seen cen-
trally. Both of these particle types were 
similar in composition to those demon-
strated to be adherent to the surface of 
the nails, as seen in Figure 5 (hematoxy-
lin and eosin, ×750).
Fig. 7
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was observed at the taper interfaces of the retrieved nails was
similar in character to mechanically assisted crevice corrosion
found in total hip femoral stems. Both mechanical fretting
and evidence of corrosion were found in our study. The corro-
sion debris found within the taper, at both deep and superfi-
cial locations, appeared to be rich in elements that are less
soluble in aqueous electrolyte (for example, molybdenum and
chromium) compared with the alloy composition. Again, this
finding is similar to that seen at other tapers8. Fretting crevice
corrosion of the taper interfaces dramatically increases the
rate of release of corrosion products as well as the rate of re-
duction reactions (for example, consumption of oxygen) else-
where on the surface. The potential of the implant also
becomes more negative than its at-rest potential. Each of these
factors can affect the performance of the implant. Also, the
degradation of the taper interface may mechanically compro-
mise the nail, increasing the risk of device fracture9.
Two types of corrosion products were observed in the
peri-implant tissues. These were similar in composition to
corrosion deposits at the opening of the taper crevice and sim-
ilar to particles reported in association with stainless-steel in-
ternal fixation devices10,11. The first of these products consisted
of iron and oxygen-rich particles. While these particles are
somewhat similar to hemosiderin deposits, as might be ex-
pected at the site of internal fixation of a fracture, the enor-
mous volume of these particles, the time since the fracture
fixation, and the fact that traces of chromium were detected in
many of these particles strongly suggest that they were a result
of stainless-steel corrosion. The second of these products was
quite similar in histologic and gross appearance, as well as in
elemental composition, to the chromium orthophosphate
hydrate-rich corrosion product reported in association with
both similar-metal and mixed-metal modular femoral total
hip-replacement components7,12-14.
There is evidence that these chromium orthophosphate
hydrate-rich corrosion products may cause osteolysis not
only by increasing polyethylene wear through a three-body
mechanism but also through a cellular response from mac-
rophages leading to bone resorption through a separate me-
chanism12,15,16. Metal debris has been shown to stimulate
osteoclast production leading to bone resorption17. In the
published literature on arthroplasty-associated osteolysis, it
has not been possible to isolate the effects of particulate artic-
ular wear debris, cement debris, and metallic corrosion de-
bris. The modular femoral nail provides a unique system
whereby the local tissue effects of metallic corrosion debris
alone can be observed. Femoral osteolysis was seen in associa-
tion with metallic corrosion products in the absence of poly-
ethylene, polymethylmethacrylate, or other debris typically
seen with joint arthroplasty reconstructions. This observa-
tion provides additional evidence that at least some cases of
osteolysis following total hip arthroplasty may be the result
of the generation of metallic corrosion products at modular
junctions.
While corrosion is unusual with one-piece internal
fixation devices13,18, a positive association has been demon-
strated between the presence of corrosion and tissue reac-
tion around multiple-piece stainless-steel implants19-21. These
findings have been noted at a plate-and-screw interface that
has a substantially different geometry than the tight-fitting
taper junctions of the modular femoral nail. Also, the junc-
tions between plates and screws are small, extracortical, and
away from the bone. Therefore, it is unlikely that the small
amount of corrosion products that may develop would stim-
ulate a localized cellular reaction substantial enough to cause
a reaction of the same magnitude that we have seen. The de-
vice reported on in the present study has two large, intracor-
tical junctions where such fretting and corrosion could have
occurred and stimulated the type of cellular response neces-
sary to cause osteolysis. 
The corrosion process at modular junctions of femoral
total hip components has been hypothesized to occur as a re-
sult of a combination of cyclic relative motion, known as
fretting, and crevice corrosion, which is the electrochemical
process that occurs after the breakdown of the passivating
oxide film in an environment with a restricted flow of oxy-
gen13,20,22. Spindle-shaped cortical thickening and scalloping
osteolysis secondary to corrosion and abrasion of cemented
titanium femoral stems have recently been reported at post-
operative intervals (cortical thickening at twenty-four months
and osteolysis at thirty-five months) similar to those in our
study16. It is likely that a similar mechanism of accelerated
corrosion occurred at the taper junctions in the three-piece
nails in our patients. The cellular response to the metal de-
bris and corrosion products, in turn, resulted in focal osteol-
ysis. Except for the series of cemented titanium stems
discussed above16, it appears that the osteolysis observed in
association with modular femoral nails occurred earlier than
is typically reported for hip arthroplasty. The reasons for this
are not clear but could be related to a higher local concentra-
tion of corrosion products, the unique chemistry of the cor-
rosion products, the proximity (and intraosseous location)
of the modular femoral nail junctions to the cortical surface
of the femur (modular head-neck junctions of femoral total
hip components are in an extraosseous location), or a com-
bination of these factors.
In every case but two, periosteal reaction preceded corti-
cal thickening. It is likely, therefore, that periosteal reaction
and cortical thickening occur along a continuum. The pres-
ence of a periosteal reaction was also strongly associated with
osteolysis. The periosteal reaction and cortical thickening pos-
sibly resulted from increased bone formation through injury
and repair following the cellular mediated bone resorption
that occurs as a result of the corrosion products.
The association of these radiographic findings with
thigh pain is of clinical interest. The patients in group 1, who
had the more severe reactions, had a significantly higher score
for thigh pain than did our control patients with a one-piece
nail (p = 0.03). Thigh pain was the presenting symptom in the
first two patients whom we observed to have radiographic re-
actions. Both had a large area of osteolysis and a periosteal re-
action at modular junctions well away from the healed
fracture. Also, 20% of the patients with the modular femoral
nail described pain that limited activities of daily living. In
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their series of patients in whom cortical thickening and osteol-
ysis developed following primary implantation of a cemented
titanium total hip replacement, Willert et al. described the
early onset of dull, constant thigh pain, which was also
thought to be associated with similar radiographic findings16.
In two of our patients with marked osteolysis and thigh
pain (Cases 7 and 19), nail removal resulted in relief of the
thigh pain, an observation that further implicates corrosion
products as the cause of symptomatic osteolysis.
The time of appearance of these findings has been un-
predictable, ranging from two to twenty-nine months after in-
jury. Of the many factors evaluated, only the location of a nail
junction in the subtrochanteric region appeared to have an as-
sociation with the prevalence of severe reactions. The in-
creased stresses in this area may have resulted in more
extensive fretting, facilitating the process of mechanically as-
sisted crevice corrosion22.
Circulating levels of metals, particularly chromium,
have been associated with corrosion at modular junctions in
patients with cobalt-chromium-alloy implants6,12. In our study,
the mean level of serum chromium in the patients with the
modular femoral nail was significantly higher than that in our
control group with a one-piece stainless-steel intramedullary
nail (p < 0.01) and that in our control group without an im-
plant (p < 0.01). While the clinical impact of elevated serum
levels of chromium and their association with osteolysis have
not been fully defined, serum chromium levels may well serve
as a marker for the degree of fretting corrosion at the modular
junctions. This has also been suggested to be the case for fret-
ting corrosion at the modular junctions of cobalt-chromium-
alloy total hip replacements6,12.
In summary, we concluded that a biological reaction to
fretting corrosion products around the junctions of this modu-
lar femoral nail caused the radiographic findings of osteolysis,
periosteal reaction, and cortical thickening; the elevated serum
chromium levels; and the thigh pain in our patients. As a result
of these findings, we have abandoned the use of this device,
and it was withdrawn from the other institutions participating
in the clinical evaluation. Surgeons and designers of fracture
implants must be certain that the benefits of modularity are
not offset by the problems related to load-bearing metal-metal
junctions. To realize the benefits of modularity, careful preclin-
ical laboratory evaluation of modular devices with use of rele-
vant in vitro simulations must be performed23. 
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